Abstract
Introduction
Bacillus subtilis was the first type species described in the genus Bacillus (Cohn 1872) [1] . Currently there are 301 species and seven subspecies with validly published names [2] . Generally members of this genus are environmental bacteria present in soil, food, and fresh and sea water. In humans, some strains can be pathogenic, such as Bacillus cereus (associated mainly with food poisoning) and Bacillus anthracis (the causative agent of anthrax) [3] [4] [5] . Other strains are saprophytes [6] . Several Bacillus species are also isolated from different plants in which they are endophytes [7] .
Recently high-throughput genome sequencing and mass spectrometry analyses of bacteria have given unprecedented access to an abundance of genetic and proteomic information [8] [9] [10] . Currently a polyphasic approach is performed to describe new bacterial taxa, including their genome sequence, matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) spectrum, and major phenotypic characteristics such as Gram staining, culture, metabolic characteristics, habitat and (if applicable) pathogenicity [9, 10] .
Bacillus ndiopicus strain FF3 T (= CSUR P3025 = DSM 27837)
is designated as the type strain of Bacillus ndiopicus. This bacterium is a Gram-positive rod that is aeroanaerobic. This bacterium was isolated from the skin of a healthy Senegalese man as part of a culturomics [11] study aiming at cultivating bacterial species from skin flora.
Here we provide a summary classification and set of features for B. ndiopicus sp. nov. strain FF3 T , together with the description of the complete genomic sequencing and annotation. These characteristics support the circumscription of the species B. ndiopicus.
Organism information Classification and features
In December 2012, a skin specimen was sampled with a swab from a healthy Senegalese volunteer living in Ndiop, a rural village in the Guinean-Sudanian area in Senegal (Table 1) . This 39-year-old man was included in a research project approved by the National Ethic Committee for health research (CNERS) in Senegal and the ethics committee of the Institut Fédératif de Recherche IFR48, Faculty of Medicine, Marseille, France (agreements 09-022 and 11-017) [12] . Strain FF3 T (Table 1) was isolated by cultivation on 5%
B. ndiopicus strain FF3 T exhibited a 96.8% nucleotide sequence similarity with Bacillus massiliensis (Glazunova et al., 2006) , the phylogenetically closest Bacillus species (Fig. 1) . These values were lower than the 98.7% 16S rRNA gene sequence threshold recommended by Meier-Kolthoff et al. [13] to delineate a new species within the phylum Firmicutes without carrying out DNA-DNA hybridization. Different growth temperatures (25, 30, 37, 45 and 56°C) were tested. Optimal growth was observed at 37 and 45°C after 24 hours of incubation; weak growth was noticed at 30°C. Colonies were 1 mm in diameter and transparent on 5% blood-enriched Columbia agar. Growth of the strain was tested under anaerobic and microaerophilic conditions using the GENbag anaer and GENbag microaer systems, respectively (bioMérieux), and under aerobic conditions, with or without 5% CO 2 . Optimal growth was obtained under aerobic condition with 5% CO 2 and under microaerophilic condition at 37 and 45°C. Gram staining showed Gram-positive rods (Fig. 2) . The motility test was positive by means of peritrichous flagella. Cells grown on agar have a mean diameter of 1.2 μm (ranging from 0.8 to 1.6 μm) and a mean length of 2.5 μm (ranging from 1.8 to 3.2 μm) (Fig. 3) Table 2 . MALDI-TOF protein analysis was performed using a Microflex LT (Bruker Daltonics, Leipzig, Germany), as previously reported [14] . The scores previously established by Bruker allowing validating (or not) the identification of species compared to the database of the instrument were applied. Briefly, a score of 2.000 with a species with a validly published name provided allows the identification at the species level; a score of 1.700 and <2.000 allows the identification at the genus level; and a score of <1.700 does not allow any identification. We performed 12 distinct deposits from 12 isolated colonies of strain FF3 T . Two microliters of matrix solution (saturated solution of alpha-cyano-4-hydroxycinnamic acid) in 50% acetonitrile and 2.5% trifluoroacetic acid were distributed on each smear and submitted at air drying for 5 minutes. Then the spectra from the 12 different colonies were imported into MALDI Biotyper 2.0 software (Bruker) and analysed by standard pattern matching (with default parameter settings) against the main spectra of 6252 bacterial spectra including 199 spectra from 104 Bacillus species. Scores ranging from 1.2 to 1.4 were obtained for strain FF3 T , suggesting that this isolate was not a member of any known species. The reference mass spectrum from strain FF3
T was incremented in our database (Fig. 4) . The gel view highlighted spectrum differences with other Bacillus species (Fig. 5 ).
Genome sequencing information
Genome project history The organism was selected for sequencing on the basis of its 16S rRNA similarity, phylogenetic position and phenotypic [36] . If the evidence code is IDA, then the property should have been directly observed, for the purpose of this specific publication, for a live isolate by one of the authors, or an expert or reputable institution mentioned in the acknowledgements.
differences with other members of the genus Bacillus, which support that Bacillus ndiopicus strain FF3 T likely represents a new bacterial species. This strain is part of a study aiming to characterize the skin flora of healthy Senegalese people.
Currently there are more of 270 sequenced genomes of Bacillus species [8] . Strain FF3 T is the first genome of B. ndiopicus sp. nov., and its GenBank accession number is CCAP000000000. The genome consists of 23 large contigs. Table 3 shows the project information and its association with minimum information about a genome sequence (MIGS) 2.0 compliance [15] ; associated MIGS records are summarized.
Growth conditions and DNA isolation
Bacillus ndiopicus strain FF3 T (= CSUR P3025 = DSM 27837) was grown aerobically on 5% sheep's blood-enriched Columbia agar (bioMérieux) at 37°C. Then we suspended all bacterial colonies in 500 μL of Tris-EDTA (TE) buffer 10×. We remove 100 μL of this solution. This volume is completed by 400 μL TE buffer 10×, 25 μL proteinase K and 50 μL sodium dodecyl sulfate and then incubated overnight at 56°C for complete cells lysis. The next day this lysate is purified by washing with a phenol-chloroform solution three times. It is precipitated in absolute ethanol and incubated at −20°C for at least 2 hours. After a first centrifugation at 4°C for 30 minutes at 8000 rpm, the pellet is taken up in 70% ethanol kept at −20°C. A second centrifugation in the same conditions for 20 minutes is performed. After drying the tube in an oven at 37°C for 5 minutes, the DNA is taken up with 65 μL with buffer EB. The genomic DNA concentration was measured at 47.7 ng/μL by the Qubit assay with the high sensitivity kit (Life Technologies, Carlsbad, CA, USA).
Genome sequencing and assembly Genomic DNA of Bacillus ndiopicus was sequenced on the MiSeq Technology (Illumina, San Diego, CA, USA) with two applications, paired end and mate pair. The paired-end and the mate-pair strategies were barcoded in order to be mixed with 11 other genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) and 11 other projects with the Nextera Mate-Pair sample prep kit (Illumina).
The genomic DNA was diluted to 1 ng/μL to prepare the paired-end library. The tagmentation step fragmented and tagged the DNA with an optimal size distribution at 0.95 kb. Then limited-cycle PCR amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter, Fullerton, CA, USA), the libraries were then normalized on specific beads according to the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and paired-end sequencing with dual index reads were performed in a single 39-hour run in 2 × 250 bp.
Total information of 6.8 Gb was obtained from a 807K/mm 2 cluster density, with a cluster passing quality control filters of 90.88% (14 553 000 clusters). Within this run, the index representation for Bacillus ndiopicus was determined to 17.96% and present 2 375 297 reads filtered according to the read qualities.
The mate-pair library was prepared with 1 μg of genomic DNA using the Nextera mate-pair Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a mate-pair junction adapter. The profile of the fragmentation was validated on an Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA) with a DNA 7500 labchip. The DNA fragments were ranged in size from 1.5 to 13 kb, with an optimal size at 8 kb. No size selection was performed, and 600 ng of tagmented fragments were circularized. The circularized DNA was mechanically sheared to small fragments on a Covaris device S2 in microtubes (Covaris, Woburn, MA, USA). The library profile was visualized on a High Sensitivity Bioanalyzer LabChip (Agilent). The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 10 pM, the pool of libraries was loaded onto the reagent 
Genome annotation
Open reading frames (ORFs) prediction was carried out using Prodigal [16] with default parameters. We removed the predicted ORFs if they spanned a sequencing gap region. Functional assessment of protein sequences was performed by comparing them with sequences in the GenBank [17] and Clusters of 
FIG. 4.
Reference mass spectrum from Bacillus ndiopicus strain FF3 T . Spectra from 12 individual colonies were compared and reference spectrum generated.
Orthologous Groups (COGs) databases using BLASTP. tRNAs, rRNAs, signal peptides and transmembrane helices were identified using tRNAscan-SE 1.21 [18] , RNAmmer [19] , SignalP [20] and TMHMM [21] , respectively. Artemis [22] was used for data management, and DNA Plotter [23] was used for visualization of genomic features. In-house Perl and bash scripts were used to automate these routine tasks. ORFans were sequences which have no homology in a given database-that is, nonredundant (nr) or identified if their BLASTP E value was lower than 1e-03 for alignment lengths greater than 80 aa. PHAST was used to identify, annotate and graphically display prophage sequences within bacterial genomes or plasmids [24] .
To estimate the nucleotide sequence similarity at the genome level between B. ndiopicus and other members of Bacillaceae family, orthologous proteins were detected by Proteinortho software [25] (with the following parameters: E value 1e-5, 30% percentage of identity, 50% coverage and algebraic connectivity of 50%) and genomes compared two by two. After fetching the corresponding nucleotide sequences of orthologous proteins for each pair of genomes, we determined the mean percentage of nucleotide sequence identity using the Needleman-Wunsch global alignment algorithm. The script created to calculate AGIOS (average genomic identity of orthologous gene sequences) values was named MAGi (Marseille Average genomic identity) and is written in Perl and Bioperl modules.
Genome properties
The genome of B. ndiopicus strain FF3
T is 4 068 720 bp long (one chromosome, no plasmid) with a 37.03% G+C content (Fig. 6 ). Of note, we acknowledge the fact that because the genome of Bacillus ndiopicus is a draft sequence, its exact size might be slightly different from that of our sequence, but given the fold coverage (52×), we are confident that the missing fragments are probably small and do not significantly influence the genome size. Of the 3982 predicted genes, 3915 were protein-coding genes and 67 were RNAs. A total of 1697 genes (43.34%) were assigned a putative function. The properties of the genome are presented in Table 4 . Using PHAST software,
FIG. 5. Gel view comparing Bacillus ndiopicus strain FF3
T spectrum to other members of family Bacillaceae. Gel view displays raw spectra of all loaded spectrum files arranged in pseudo-gel-like look. The x-axis records m/z value. Left y-axis displays running spectrum number originating from subsequent spectra loading. Peak intensity is expressed by greyscale scheme code. Color bar and right y-axis indicating relation between color peak is displayed, with peak intensity in arbitrary units. Displayed species are indicated at left. three prophage regions were identified, including one complete and two incomplete prophages (Table 5) . A total of 167 were identified as ORFans (42.65%). The distribution of genes into COGs functional categories is presented in Table 6 .
Genomic comparative
Today there are more than 277 sequenced genomes of Bacillus species (finished and draft) available in Genomes Online Database [3] . Here we compared B. ndiopicus genome sequence against other members of genus Bacillus, including Bacillus coagulans strain 2-6, B. coagulans strain 36D1, Lysinibacillus sphaericus strain C3-41, Bacillus bataviensis stain LMG 21833, and Bacillus isronensis strain B3W22. Table 7 shows a comparison of genome size, G+C% content, and number of proteins for each genome selected for taxonogenomic study. Indeed, Bacillus ndiopicus has a genome size of 4.06 Mb higher than those of B. coagulans 2-6 (3.07 Mb), B. coagulans 36D1 (3.55 Mb) and B. isronensis B3W22 (4.02 Mb) but lower than those of B. bataviensis LMG 21833 (5.37 Mb) and Lysinibacillus sphaericus C3-41 (4.82 Mb).
Bacillus ndiopicus strain FF3
T has a G+C content (37.03%)
lower than those of all the compared species such as B. coagulans strain 2-6 (47.3%), B. coagulans strain 36D1 (46.5%), B. bataviensis strain LMG 21833 (39.6%), B. isronensis strain B3W22 (38.8%) and L. sphaericus strain C3-41 (37.1%). As it has been suggested in the literature that the G+C content deviation is at most 1% within species, these data are an additional argument for the creation of a new taxon [26] . The number of orthologous genes shared between B. ndiopicus and other Bacillus species as well as the average percentage nucleotide identity calculated using the MAGi method is tabulated in Table 8 . On the basis of the analysis of MAGi, the AGIOS ranged from 61.79 to 95.94% among the studied members. The range of AGIOS calculated using MAGi varies from 61.79 to 70.95% between B. ndiopicus and other compared Bacillus species. Antibiotic resistance genes were detected within the genome using the ARDB website (Table 9) .
Conclusion
On the basis of phenotypic, phylogenetic and genomic analyses (taxonogenomics), we formally propose the creation of Bacillus ndiopicus sp. nov. that contains strain FF3
T as the type strain.
The strain was isolated from the skin of a 39-year-old healthy Senegalese man living in Ndiop, Senegal.
Description of Bacillus ndiopicus strain FF3
T sp. nov.
B. ndiopicus (n.dio.pi.cus. L. gen. masc. n. ndiopicus, of Ndiop, the name of the Senegalese village where the man from whom strain FF3 T was cultivated lives).
Cells stain Gram positive, are rod shaped and endospore forming, motile and have a mean diameter of 1.2 μm and a mean length of 2.5 μm. Peritrichous flagellae were observed. Colonies are 1 mm in diameter and transparent on 5% sheep's blood. Optimal growth is achieved at 37°C in an aerobic atmosphere supplemented with 5% CO 2 . Catalase and oxidase activities are positive. Positive reactions were obtained with citrate, alkaline phosphatase, esterase, lipase and α-chymotrypsin. Negative reactions were observed for leucine arylamidase, valine arylamidase, cystine arylamidase, phosphatase acid, trypsin, naphthol-AS-BI-phosphohydrolase, β-glucuronidase, α-glucosidase, β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase and α-fucosidase. B. ndiopicus is susceptible in vitro to penicillin, amoxicillin, amoxicillin-clavulanic acid, ceftriaxone, imipenem, gentamicin, ciprofloxacin, erythromycin, doxycycline, rifampicin and vancomycin, but resistant to nitrofurantoin and metronidazole. a Region indicates number assigned to region; region length, length of sequence of that region (in bp); completeness, prediction of whether region contains a complete or incomplete prophage; region position, start and end positions of region on bacterial chromosome; phage, phage with highest number of proteins most similar to those in region; and GC%, percentage of GC nucleotides of region. The G+C content of the genome is 37.03%. The 16S rRNA and genome sequences are deposited in GenBank under accession numbers HG315675 and CCAP000000000, respectively. The type strain FF3 T (= CSUR P3025 = DSM 27837) was isolated from the skin of a healthy 39-year-old Senegalese man living in Ndiop, Senegal. 
